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PROCESS AND DEVICE FOR
MANUFACTURING POLYURETHANE FOAM
MOLDINGS

FIELD OF THE INVENTION

The present invention relates to a process and a device for
the production of shaped foamed polyurethane articles by
introducing an expandable polyurethane reactive mixture
into a mould divided by a parting plane, wherein the parting
plane has a circumferential vacuum channel through which
the mould cavity defined by the mould halves 1s evacuated.
There have already been a number of proposals for this; see

e.g. DE-A 15 04 278, DE-A 30 20 793 and EP-A 23 749.
BACKGROUND OF THE INVENTION

Evacuation of the mould 1s necessary in particular 1n order
to remove the gas present 1n the mould from the mould to
avold the formation of voids. To achieve this, it 1s necessary
to construct the mould halves such that the parting plane lies
at the highest point of the mould cavity, since otherwise a
pocket forms from which the gas present can no longer can
be drawn ofl. This could be counteracted by evacuating the
mould cavity to a very low pressure of below 100 mbar, in
particular below 50 mbar, before the foam rises, 1.e. before
the level of the foam 1n the mould cavity passes beyond the
parting plane. However, such a low pressure in the mould
cavity means that the foam 1nitially expands so rapidly and
severely, before substantial contents of blowing agent have
yet been released, that only an irregular foam structure
forms.

Another disadvantage of evacuation via the parting plane
1s that the delivery via the parting plane 1s relatively low,
especially 1f the expandable reactive mixture 1s introduced
into the open mould and evacuation 1s carried out only after
the mould has been closed, so that very long cycle times are
necessary.

The properties of polyurethane foam are substantially
determined by the bulk density of the finished foam and the
material properties of the matrix. If water 1s employed as a
chemical blowing agent 1n particular, 1n which case carbon
dioxide 1s liberated by the reaction of the water with the
1socyanate, the recipe of the expandable polyurethane reac-
five mixture must be adjusted precisely to establish the
matrix properties. It 1s therefore 1n principle desirable to be
able to produce foams of different bulk densities with a
single recipe. Controlling the pressure 1n the foam mould 1s
outstandingly suitable for controlling the bulk density of a
foam while simultaneously retaining the recipe, especially
of the blowing agent content, see €.g. EP-A 23749 and EP-A
44 226.

SUMMARY OF THE INVENTION

The object of the present mnvention 1s to produce, over
short cycle or sequence times, void-iree mouldings of lower
bulk density than 1s to be expected on the basis of the
blowing agent content under atmospheric pressure, it also
being possible to employ contoured mould cavities in which
the parting plane cannot be placed at the points of maximum
height of the mould cavity for geometric reasons.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a device according to the mvention.

FIG. 2 shows the preferred embodiment of the expansion
channels.

FIG. 2a shows the preferred embodiment of the expansion
channels of FIG. 2 along line A—A.
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FIG. 3 shows the pressure course with respect to time,
according to the invention, in the mold.

DETAILED DESCRIPTION OF THE
INVENTION

According to the invention, this 1s achieved 1n that the
upper mould half has a closable suction opening through
which the internal pressure 1n the mould 1s evacuated
rapidly, preferably within the cream time of the expanding
polyurethane reactive mixture, to 300 to 800 mbar absolute,
in that the suction opening 1s closed when the given internal
pressure 1n the mould 1s reached, wherein the expandable
mixture expands to fill the mould cavity, expansion channels
with such a low cross-section that they are closed by
penctration of the expanding mixture are provided at the
point or points of maximum height of the mould cavity, and
the parting plane has a vacuum seal to avoid penetration of
ogas, the suction opening, the vacuum channels and the
expansion channels being connected to the same vacuum
SOurce.

The mould cavity 1s preferably evacuated to 400 to 700
mbar absolute.

The increase in pressure after the foam has risen, 1.c.
substantially after all the blowing agent has been released,
takes place due to an increase in temperature because of the
heat of reaction and optionally small further amounts of
blowing agent released. It should preferably take place to a

pressure of 700 to 1,100 mbar absolute, particularly prefer-
ably 700 to 900 mbear.

According to the invention, the expandable polyurethane
reactive mixture can be imtroduced into the open mould
without disadvantage to the cycle time, since the desired
minimum 1nternal pressure 1 the mould to which the
expanding foam can be exposed without disadvantage is
achieved within the shortest time through the suction open-
ing provided according to the invention.

The present invention also provides a device for the
production of shaped foamed polyurethane articles which
has a mould cavity defined by an upper and lower mould
half, which can be separated by a parting plane, and means
for introducing an expandable polyurethane reactive mixture
into the lower mould half, wherem the parting plane has a
vacuum seal, the upper mould half has a closable suction
opening and the points of maximum height of the upper
mould half have expansion channels, the cross-section of
which 1s such that they can be closed by penetration of
reactive mixture which has not yet cured, and a common
vacuum source and connecting lines from the vacuum
source to the vacuum seal, suction opening and expansion
channels.

The vacuum source 1s preferably constructed in the form
of a vacuum tank several times the volume of the mould
cavity, the vacuum tank being connected to a vacuum pump.

The expansion channels can have a circular or slit-like
cross-section. The lower cross-section dimension of the
expansion channels 1s preferably 0.1 to 0.5 mm, particularly
preferably 0.1 to 0.3 mm.

The expansion channels are particularly preferably
equipped with an ejection ram, for example needle-shaped,
for the polyurethane which has penetrated. The expansion
channels are furthermore preferably formed by gaps
between an ejection ram of larger dimensions and 1ts bore
through the upper mould half.

The 1nvention 1s described 1n more detail below with the
aid of the attached figures. FIG. 1 shows a device according,
to the invention.
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FIG. 1 shows a mould 1 which comprises a lower mould
half 2 and an upper mould half 3, wherein the mould halves
arc separated by the parting plane 4. A circumferential
channel 5 1s provided as a vacuum seal 1n the parting plane.
The upper mould half furthermore has a suction opening 6
which can be closed, for example, by the closing cone 11
when the desired internal pressure 1n the mould 1s reached.
Expansion channels 7a and 7b are furthermore provided at
the points of maximum height of the interior of the mould.
The vacuum seal 5, suction opening 6 and expansion chan-
nels 7a and 7b are connected via corresponding lines 10 to
the vacuum tank 8, shown i1n reduced size in the diagram,
from which gas 1s sucked via the vacuum pump 9.

FIG. 2 shows 1n section the section of an upper mould half
3 with the maximum height of the interior of the mould. The
expansion channel 7 1s constructed in the form of flattened
arcas of the ram 27 which can be ejected by means of a
hydraulic device 18. The expansion channel here 1s stag-
gered 1n sections over the circumference of the ejection ram
27, the staggered expansion channel sections being con-
nected to one another via a circumferential groove 17.
During rising of the foam 20, gas 1s further drawn off from
the terior of the mould through the expansion channels and
via the connecting line 10 to the vacuum source, so that the
low 1nternal pressure 1n the mould 1s maintained. When the
expanding foam reaches the expansion channels 7, it pen-
ctrates 1nto these, closing these at the same time. After the
foamed moulding 1s removed from the mould, the ejection
ram 27 1s moved out of the casing 19 by means of the
hydraulics 18 so that the polyurethane which has penetrated
into the expansion channels 7 can be removed.

FIG. 3 shows by way of example the course of the
pressure within the mould in a conventional process (I) and
a process according to the invention (II) for foam moulding
production.

The pressure passes through the following phases here:

A: Start of the mtroduction of the expandable polyure-
thane reactive mixture into the open mould.

B: Introduction has ended; start of the cream time; closing,
of the mould.

C: Mould 1s closed, rapid drop in pressure due to evacu-
ation via the suction opening (according to the
invention)

D: The desired internal pressure 1n the mould of 500 mbar
absolute here 1s reached; transition from the cream time

to the rising time.

E: The foam fills the mould; end of the rising time; start
of the holding pressure time. In the conventional foam
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moulding process (I), a noticeable increase in pressure
1s already to be detected within the mould because of
the resistance of the displaced gas due to the rising
foam.

F: The maximum internal pressure of the mould, which
corresponds to the maximum internal pressure of the
foam cells, 1s reached.

G: Opening of the mould and removal of the moulding.

What 1s claimed 1s:

1. A process for the production of shaped foamed poly-
urethane articles by introducing an expandable polyurethane
reactive mixture into the lower mould half of a mould
divided by a parting plane and evacuation of the mould, the
parting plane having a vacuum seal, characterized 1n that the
mould cavity 1s evacuated rapidly through a closable suction
opening provided in the upper mould half to a pressure of
300 to 700 mbar absolute, the evacuation pressure which 1s
a function of the recipe of the expandable polyurethane
reactive mixture 1s such that the final internal pressure in the
mould 1s 800 to 1,100 mbar, the suction opening 1s closed,
the reaction mixture expanding to fill the mould cavity and
the expanding mixture penetrating into expansion channels
which are provided at the point or points of maximum height
of the mould cavity and have a low cross-section so that said
expansion channels close, the vacuum seal, suction opening
and expansion channels being connected to the same
vacuum SOurce.

2. A device for the production of shaped foamed poly-
urethane articles comprising a mold cavity defined by an
upper mold half and a lower mold half which cavity can be
separated by a parting plane and the parting plane having a
vacuum seal, and means for mftroducing an expandable
reactive mixture into the lower mold half, which 1s charac-
terized 1n that the upper mold half has a closable suction
opening and, at the points of maximum height of the interior
of the mold, has expansion channels which are formed by
gaps between an ejection ram passing through the upper
mold half and its bore, the cross-section of these channels 1s
such that they can be closed by penetration of reactive
mixture which has not yet cured, and a vacuum source and
connecting lines from the vacuum source to the vacuum seal,
suction opening and the expansion channels.

3. The device of claim 2 1in which the vacuum source 1s
constructed 1n the form of a vacuum tank several times the
volume of the mold cavity, and the vacuum source 1s
connected to a vacuum pump.
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